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Description 

This invention relates to the transmitting, recording 
and reproducing of data. The invention may for instance 
be applied to a digital video tape recorder and/or to re- 
cording and reproducing MPEG2 transport packets to 
and from a magnetic tape. 

As is known, digital video tape recorders compress 
a digital video signal using discrete cosine transforma- 
tion (DCT) and variable length encoding prior to record- 
ing the digital video signal on a magnetic tape. NTSC 
video signals generally are recorded in a standard (SD) 
mode and high definition television (HDTV) signals gen- 
erally are recorded in a high definition (HD) mode. Typ- 
ical recording rates in the SD and HD modes are 25 
Mbps (megabits per second) and 50 Mbps, respectively. 

Currently, a format known as MPEG2 (Moving Pic- 
tures Expert Group) for video signals has been devel- 
oped. In MPEG2 systems, plural programs generally are 
time division multiplexed prior to being transmitted, and 
time information, which is included in those video sig- 
nals, identify the real time transmissions of each of the 
programs. MPEG2 transmissions are time compressed 
and thus transmitted in a shorter time than the real "play" 
time of each of the programs contained therein. 

As previously stated, digital video signals are re- 
corded in an SD mode at the rate of 25 Mbps. At this 
recording rate, 5 of the 25 Mbps are utilized for trick- 
play" data which is stored in a trick-play area of a track 
and which is reproduced in a high speed reproducing 
mode, and 20 of the 25 Mbps are utilized for "normal" 
data that is reproduced in a standard speed reproducing 
mode. Furthermore, if one of the programs in the 
MPEG2 signal has a data rate of, for example, 5 Mbps 
and the length of that program is, for example, two 
hours, then the two-hour program can be transmitted in 
only one hart of an hour (i.e., 30 minutes) if the data rate 
of the program is converted to 20 Mbps. 

Digital video tape recorders currently can record up 
to 414 hours' worth of programs on a standard cassette 
in the SD mode. If each program to be recorded is time 
compressed in the manner described above, and as- 
suming the data rate and length of each program is 5 
Mbps and two hours, respectively, then nine two-hour 
programs can be recorded on a standard cassette. 

An MPEG2 signal includes a plurality of programs 
which have been encoded and time divisionalfy multi- 
plexed and which are transmitted in data units called 
transport packets. Timing data (DTS), which is used to 
extract reproduced data from a buffer, and other timing 
data (PTS), which is necessary for displaying the video 
image, are included in a header of each of the transport 
packets (PES). PTS/DTS data also are included with au- 
dio data. 

A 27 MHz system clock is used to encode an 
MPEG2 video signal and the values of the PTS/DTS 
data are derived from the system clock. When a trans- 
mitted MPEG2 signal is decoded, the decoder's system 



clock is synchronized to the transmitted MPEG2 signal 
using time data (i.e., PGR data) that represents the val- 
ue of the system clock during encoding of the video sig- 
nal and which is included in each of the transport pack- 

s ets of the MPEG2 signal. PCR data is added to each 
transport packet of each program in the signal. 

Fig. 1 illustrates the data structure of a transport 
packet in an MPEG2 signal. Each transport packet has 
a fixed data length of 1 88 bytes and includes a header, 

io further described below, and a pay load which includes 
the encoded video and audio data. The header of a 
transport packet includes data that identifies the con- 
tents of the transport packet, for example, the particular 
program to which the transport packet pertains. 

is Fig. 1 A illustrates three successive transport pack- 
ets, each of which includes a header and a pay load. The 
header, as shown in Fig. 1B, includes 8 sync bytes, a 
1-byte transport error indicator which indicates whether 
the transport packet contains errors, a pay load indicator 

20 byte which identifies the beginning of the pay load sec- 
tion, a transport priority byte which identifies the as- 
signed priority of the transport packet, 1 3 bytes of packet 
identification data (PID) which identifies various at- 
tributes of each data stream of the transport packet, 2 

25 bytes of transport scrambling control data which identify 
whether the payload data is scrambled and the type of 
scrambling used, 2 bytes of adaptation field control data 
which indicates whether an adaptation field is present, 
a cyclic (or continuity) counter which indicates whether 

30 the transport packet is complete or is only partially gen- 
erated, and adaptation field data, which is illustrated in 
Fig. 1C. 

As shown in Fig. 1C, the adaptation field includes 8 
bytes of adaptation field length data which indicates the 
35 length of this field, a discontinuity indicator which indi- 
cates whether the system clock has been reset and 
whether the header contents are new, random access 
indicator data which indicates the random access entry 
point, a priority stream elementary indicator which indi- 
go cates whether the payload includes an important high- 
priority section, an optional field flag, an optional field 
which is illustrated in Fig. 1 D, and 1 byte of stuffing data. 

The optional field is shown in Fig. 1D and includes 
PCR data (previously discussed), OPCR data, splice 
45 countdown data, a transport private data length, trans- 
port private data, an adaptation field extension length, 
and an optional field which is identified by the 3-byte 
flag. As is known, PCR data is a time stamp which syn- 
chronizes a system clock in an MPEG2 decoding sys- 
50 tern. 

Fig. 2 is a block diagram of an exemplary MPEG2 
system which time divisionally multiplexes plural televi- 
sion programs and which transmits and records those 
television programs on a magnetic tape. Three digitalty- 
55 compressed programs P11 , Pi 2 and PI 3 are supplied 
to input terminals 201 A, 201 B, and 201 C, respectively. 
The three programs can have different data rates, for 
example, program P11 can have a data rate of 5 Mbps, 
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program Pi 2 can have a data rate of 4 Mbps, and pro- 
gram Pi 3 can have a data rate of 3 Mbps. Prior to being 
supplied to terminals 201 A, 201 B and 201 C. programs 
P11 , P12 and P13 each are divided into 188-byte trans- 
port packets which include PCR time data indicative of 
when each transport packet is formed. Programs P11. 
P12 and P13 each are supplied to PCR capture circuits 
202 A. 202B and 202C. respectively, which detect the 
respective PCR values contained therein. Programs 
P11, P12 and P13 then are supplied at predetermined 
bit rates to FIFO circuits 203A, 203B and 203C. respec- 
tively, which transmit the programs to a multiplexer 205 
which time divisionally multiplexes the programs and 
supplies the time divisionally multiplexed signal at a data 
rate of 30 Mbps to a PCRI restamping circuit 209. 

Multiplexer 205 further time divisionally multiplexes 
"stuffing" bits which have been supplied to input terminal 
206 so that the data rate of the time divisionally multi- 
plexed programs is matched to the 30 Mbps data output 
rate. However, upon stuffing (i.e., inserting) of "stuffing" 
bits to the multiplexed three programs, time data includ- 
ed in the transport packets are "shifted" which causes 
a "jitter" of the PCR data. 

A captured PCR value is supplied to a PLL circuit 
204 which includes a PCR recovery circuit 207 which 
compares the captured PCR value and a counter value 
which is used to synchronize the system clock, and a 
counter circuit 208 which generates the 27 MHz system 
clock. PLL circuit 204 supplies the system clock to PCRI 
restamping circuit 209 which replaces the PCR value 
contained in the multiplexed signal (from multiplexer 
205) with the value supplied from circuit 204. The output 
of PCRI restamping circuit 209 is supplied to a channel 
coder/modulator circuit 210 which modulates the multi- 
plexed signal using a transfer clock signal TCK supplied 
thereto and transmits the modulated signal. 

The transmitted signal is received by a front-end cir- 
cuit 221 of a transmission receiving circuit (which may 
be part of a digital videotape recorder). Front-end circuit 
221 supplies the transmitted signal to a demulttplex- 
er/descrambler circuit 222 which demultiplexes and de- 
scrambles (if necessary) one of the programs contained 
in the time divisionally multiplexed transmitted signal. 
The demultiplexed signal is supplied to a decoder 224 
and to a PCR capture circuit 231 of a digital video tape 
recorder. Front-end circuit 221 also supplies the trans- 
mitted signal to a transfer clock recovery circuit 223 
which recovers the transfer clock signal TCK therefrom. 
Signal TCK is supplied to demultiplexer circuit 222 and 
to a buffer memory 236, to be described. 

The demultiplexed signal (shown as transfer stream 
TS) is supplied to PCR capture circuit 231 which ex- 
tracts the PCR value from the header of the transport 
packet and supplies the PCR value to a PLL circuit 232 
which compares the system clock value (of the digital 
video tape recorder) with the extracted PCR value in or- 
der to synchronize the 27 MHz system clock. PLL circuit 
232 includes a PCR recovery circuit 233 which com- 



pares the extracted PCR value and the system clock 
and a counter circuit 234 which supplies a count value 
synchronized with the system clock to an ATS inserting 
circuit 235. 

5 PCR capture circuit 231 supplies the demultiplexed 
signal to ATS inserting circuit 235 which inserts the out- 
put of the counter 234 into the demultiplexed signal. As 
is known, the inserted time data allows a reproducing 
device to reconstruct the burst shape upon recording. 

10 The demultiplexed signal is supplied to butler memory 
236 which at the transfer clock rate TCK supplied there- 
to buffers the signal for subsequent recording. 

The MPEG2 video signal is reproduced from a mag- 
netic tape in a reproducing digital video tape recorder 

15 and the reproduced signal is supplied to a buffer mem- 
ory 241 and to an ATS capture circuit 242. ATS capture 
circuit 242 extracts the ATS data value from the repro- 
duced signal and supplies the ATS value to a memory 
controller 243. Buffer memory 241 receives a control 

20 signal from memory controller 243 and a transfer clock 
signal TCK which control the writing and the reading of 
the reproduced video signal to and from buffer memory 
241. A system clock generator 250 generates the 27 
MHz system clock from the ATS value extracted and a 

25 rotating drum (not shown) of the digital video tape re- 
corder is rotated in synchronization with the system 
clock. 

Referring now to Figs. 3A and 3B, a schematic di- 
agram illustrating the demultiplexing of a selected pro- 
se gram A from a time divisionally multiplexed signal con- 
taining programs A, B and C is shown. As previously 
indicated, the data rate of the time divisionally multi- 
plexed signal is 30 Mbps, and the data rate of a selected 
program A is equal to, for example, 1 0 Mbps. A rate con- 
35 verting buffer 302, shown in Fig. 4, converts the data 
rate of the demultiplexed signal (which now contains 
only program A) supplied to an input terminal 301 by 
one-third from 30 Mbps to 10 Mbps. The rate converted 
signal is supplied at terminal 303 and subsequently re- 
40 corded on a magnetic tape. 

One problem encountered in the above-described 
system is that time data changes when the data rate of 
a transport packet changes. This change causes the 
PCR value in each time-compressed transport packet 
4S to represent incorrect time information, and thus, results 
in the inability to properly reproduce the recorded 
MPEG2 signal. 

Another difficulty encountered in the above-de- 
scribed system is the general inability to ensure that no 
so errors occur in the PCR value and that the PCR value 
is property and accurately maintained throughout the 
entire transmitting, recording and reproducing system. 

Furthermore, MPEG2 formatted video data in- 
cludes I -frames which are intraframe-encoded, P- 
ss frames which are forward-prediction encoded, and B- 
frames which are bidirectional ly-predictkxi encoded. 
During variable or high-speed reproduction of MPEG2 
video data, P- and B-frames cannot be property decod- 
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ed since only part of each frame is reproduced. And al- 
though reproduced I -frames can be decoded without P- 
and B-frame data in high-speed reproducing modes, I- 
frames still cannot properly be encoded because their 
positions on the recorded tracks are unknown due to the 
fact that considerable header information are not repro- 
duced in such high-speed reproducing modes. 

Respective different aspects of the invention are set 
forth in the respective independent claims hereof. 

Preferred embodiments of the invention described 
hereinbetow provide: 

an apparatus and method for transmitting video 
data and apparatus and method for recording and 
reproducing digital video data to and from a record 
medium which overcome or at least alleviate the 
shortcomings of the above-described system; 
an apparatus and method which reliably transmit, 
record and reproduce the PCR value in a transport 
packet of an MPEG2-formatted video signal; 
an apparatus and method for recording and repro- 
ducing digital video data in which a time base is cor- 
rectly maintained when transport packets are rate- 
converted; and 

a recording and reproducing technique in which pic- 
ture quality is maintained in variable or high-speed 
reproducing modes when transport packets are 
rate -converted. 

In accordance with one embodiment of the present 
invention, apparatus and method operate to time com- 
press a data packet which contains a first time informa- 
tion, extract the first time information from the time com- 
pressed data packet, generate a system clock which is 
synchronized with the extracted first time information, 
generate a second time information by multiplying the 
system clock by a predetermined compression ratio, re- 
place the first time information in the time compressed 
data packet with the second time information, and mod- 
ulate and transmit the time compressed data packet that 
contains the second time information. 

In accordance with another embodiment of the 
present invention, apparatus and method operate to re- 
ceive a time compressed data packet which contains 
time information that had been compressed by a prede- 
termined compression ratio, extract the compressed 
time information from the data packet, generate a sys- 
tem clock which is synchronized with the extracted com- 
pressed time information, generate second time infor- 
mation by multiplying the system clock by the predeter- 
mined compression ratio, insert the second time infor- 
mation into the time compressed data packet, and 
record on a record medium the time compressed data 
packet that contains the second time information. 

In accordance with a further embodiment of the 
present invention, apparatus and method operate to re- 
produce a data packet which was time compressed at 
a predetermined compression ratio and which contains 



time information adapted for reading out the data packet 
at a speed that is dependent upon the compression ra- 
tio, buffer the reproduced data packet, recover the time 
information from the reproduced data packet, and con- 

5 trol the buffering of the reproduced data packet in ac- 
cordance with the recovered time information. 

In accordance with yet another embodiment of the 
present invention, apparatus and method operate to 
generate a system clock, receive a data packet at a first 

10 transmission rate, determine a reception time of the data 
packet as indicated by the system clock, add time data 
identifying the reception time to the data packet, convert 
the transmission rate of the data packet which has the 
time data added thereto from the first transmission rate 

'5 to a second transmission rate, and record at the second 
transmission rate the data packet including the time data 
on a record medium. 

In accordance with yet a further embodiment of the 
present invention, apparatus and method operate to 

20 generate a reference clock, reproduce in accordance 
with the reference clock a data packet which was rate 
converted from an original transmission rate and which 
contains time data corresponding to the original recep- 
tion time of the data packet, convert the rate of the re- 

25 produced data packet to the original transmission rate, 
detect the time data in the reproduced data packet, and 
synchronize the reference clock with the detected time 
data. 

In accordance with still yet another embodiment of 

30 the present invention, apparatus and method operate to 
receive a data packet, provide a portion of the data pack- 
et (e.g., intraframe coded data) as variable-speed data, 
and record the data packet and the variable-speed data 
in a normal and a trie k-p lay area, respectively, of suc- 

35 cessive tracks on a record medium. The trick-play area 
is located on each track at a position which corresponds 
to an area of a track which is reproducible in a fast-speed 
reproducing mode. 

As a preferred feature, the respective trick-play ar- 

40 eas of alternating tracks constitute first trick-play areas 
and the respective trick-play areas of the other alternat- 
ing tracks constitute second trick-play areas, and the 
variable speed data is recorded in the first and second 
trick-play areas. The first trick-play areas are located on 

is the alternating tracks at a position which corresponds to 
an area of a track which is reproducible in a first fast- 
speed reproducing mode, and the second trick-play ar- 
eas are located on the other alternating tracks at a po- 
sition which corresponds to an area of a track which is 

so reproducible in a second fast-speed reproducing mode 
different from the first fast -speed reproducing mode. 

The following detailed description, given by way of 
example and not intended to limit the present invention 
solely thereto, will best be appreciated in conjunction 

55 with the accompanying drawings, wherein like reference 
numerals denote like elements and parts, in which: 

Figs. 1 A - 1 D illustrate the data structure of a trans- 
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port packet ol an MPEG2 signal; 
Fig. 2 isa block diagram of an MPEG2 system which 
time divisionally multiplexes plural television pro- 
grams and which transmits and records those tele- 
vision programs on a magnetic tape; 
Figs. 3A and 3B are schematic diagrams illustrating 
the demultiplexing of a selected program A from a 
time divisionally multiplexed signal containing pro- 
grams A, B and C; 

Fig. 4 is a block diagram of a rate converting buffer 
used in the circuit shown in Fig. 2; 
Fig. 5 is a block diagram of apparatus embodying 
the invention for transmitting, recording and repro- 
ducing digital video data; 

Figs. 6 A to 6H are time diagrams illustrating time 
compression and time signal generation performed 
by the circuit of Fig. 5; 

Fig. 7 is a block diagram of a digital video tape 
recorder which records digital video data on a mag- 
netic tape in accordance with one embodiment of 
the invention; 

Fig. 8 is a block diagram of a digital video tape 
recorder which records digital video data in accord- 
ance with another embodiment of the invention; 
Fig. 9 A illustrates the data structure of a received 
transport packet, and Fig. 9B illustrates the data 
structure of the transport packet having time infor- 
mation added thereto; 

Fig. 10 is a block diagram of a circuit which adds 

time information to a transport packet; 

Fig. 1 1 illustrates the data structure of two transport 

packets which are combined to produce 5 sync 

blocks; 

Fig. 12 illustrates the data structure of the extra 
header in each of the sync blocks shown in Fig. 11 ; 
Fig. 1 3 is a schematic representation of the path of 
a reproducing head during a high-speed reproduc- 
ing operation in accordance with an embodiment of 
the invention; 

Fig. 14 is a schematic illustration of the reproduced 
signal in a high-speed reproducing mode; 
Fig. 15 illustrates the data structure of a track on a 
magnetic tape; 

Fig. 1 6 illustrates approximate locations of the trick- 
play areas TP1 and TP2 in successive tracks on a 
magnetic tape: 

Fig. 17 is a chart of possible tape reproducing 
speeds of a digital video tape recorder embodying 
the present invention; 

Fig. 1 8 is a schematic diagram of the path of a head 
A scanning tracks with an azimuth A in accordance 
with an embodiment of the invention; 
Figs. 1 9A and 1 9B are helpful in understanding how 
a head A reproduces the outer and middle trick-play 
areas in two scans in accordance with an embodi- 
ment of the invention; 

Figs. 20A and 20B illustrate the sync block data 
structure of each of four adjacent tracks TO, T1 , T2 



and T3; 

Fig. 21 is a block diagram of a circuit for implement- 
ing the recording of trick-play data in trick-play 
areas TP1 and TP2 in accordance with an embod- 

5 iment of the invention; 

Fig. 22 is a block diagram of another circuit for 
implementing the recording of trick-play data in 
trick-play areas TP1 and TP2 in accordance with an 
embodiment of the invention; and 

io Fig. 23 is a block diagram of a digital video tape 
recorder which reproduces digital video data from 
a magnetic tape in accordance with an embodiment 
of the invention. 

is Fig. 5 of the drawings shows apparatus for trans- 
mitting digital video data, and for recording and repro- 
ducing digital video data to and from a magnetic tape in 
accordance with an embodiment of the invention. Like 
the apparatus shown in Fig. 2, programs P-1. P-2 and 
20 p-3, which have data rates of 5 Mbps, 4 Mbps and 3 
Mbps, respectively, are digitally compressed and sup- 
plied to input terminals 1 A, 1B and 1C ( respectively. As 
is appreciated, these programs previously are divided 
into transport packets, each consisting of 188 bytes of 
25 data, are transmitted in a burst manner, and include 
PCR values which represent the time when each of the 
packets is formed. Programs P-1 , P-2 and P-3 are sup- 
plied to a program selecting and time compressing cir- 
cuit 2 which, in response to a control signal supplied 
30 from a controller 3, selects and time compresses one of 
the programs. For example, circuit 2 selects program P- 
1 which has a bit rate of 5 Mbps and which is illustrated 
as the shaded portion of the timeline shown in Fig." 68, 
and wherein Fig. 6A represents the relative time of the 
35 27 MHz system ckxk. Circuit 2 converts the bit rate of 
program P-1 from 5 Mbps to 20 Mbps; thus, since the 
bit rate of program P-1 is increased by a factor of 4, the 
amount of time required to transmit program P-1 is re- 
duced from, for example, two hours to one-half of an 
40 hour (i.e., 30 minutes). Circuit 2 supplies the time com- 
pressed program to a PCR capture circuit 4 which de- 
tects the PCR value therein and supplies the detected 
PCR value to a PLL circuit 5. 

Since the selected program P-1 is time compressed 
45 by a compression ratio of. for example, 4, the rate at 
which the PCR value changes is 4 times (i.e., the com- 
pression ratio) greater than the rate change of the PCR 
value in the uncompressed signal. PLL circuit 5 com- 
pares in a subtracter circuit 9 the captured PCR value 
so supplied from circuit 4 and a counter value which is mul- 
tiplied by the compression ratio. That is, a counter 7 sup- 
plies a counter value to a multiplying circuit 8 and con- 
troller 3 supplies the amount of compression, that is, the 
compression ratio (e.g., 4) also to multiplying circuit 8 
55 and circuit 8 supplies the product of the counter value 
and the compression ratio to subtracter circuit 9. Circuit 
9 supplies the compared result to a PCR recovery circuit 
6 which controls counter 7 so that the output of counter 
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7 is synchronized with the captured PCR value, thus 
producing a 27 MHz system clock. 

PCR capture circuit 4 supplies the time compressed 
selected program to a multiplexer 10 which adds to the 
time compressed signal stuffing bits that have been sup- 
plied to a terminal 11 so that the data rate of the signal 
equals 30 Mbps. For the example stated above, where 
the data rate of the time compressed signal is 20 Mbps, 
stuffing bits which have a data rate of 1 0 Mbps are add- 
ed to the signal to produce the 30 Mbps video signal. 

Multiplexer 10 supplies the multiplexed signal at a 
bit rate of 30 Mbps to a PCR restamping circuit 12. PLL 
circuit 5 supplies the output of circuit 8, identified herein 
as data PCR' (see Fig. 6C), also to PCR restamping cir- 
cuit 12 which replaces in the multiplexed signal the PCR 
data with the PCR* data. PCR restamping circuit 1 2 sup- 
plies the video signal (with the PCR' data) to channel 
coder/modulator circuit 13 which encodes and modu- 
lates the video signal utilizing a transfer clock signal 
TCK and the modulated signal is transmitted. 

A receiver which includes a front end circuit 21, a 
demultiplexer and descrambler circuit 22, a decoder cir- 
cuit 23 and a transfer clock recovery circuit 24, receives 
the transmitted signal and operates in a manner similar 
to the receiver shown in Fig. 2 of the drawings (circuits 
221 -224). However, the data stream TS, that is, the de- 
multiplexed and descrambled signal, is supplied to a 
packet eliminating circuit 31 in a digital video tape re- 
corder embodying the present invention. Circuit 31 ef- 
fectively removes the stuffing bits that had been multi- 
plexed with the video signal in multiplexer 10 and sup- 
plies the resultant video signal to a PCR capture circuit 
32. PCR capture circuit 32 detects the value of the PCR 
data contained in the video signal (here, the value de- 
tected is PCR') and supplies the PCR' value to a PLL 
circuit 33. PLL circuit 33 includes a PCR recovery circuit 
34, a counter 35, a multiplying circuit 36 and a compar- 
ing circuit 37. PLL circuit 33 compares the PCR' value 
of the transmitted video signal and the output of counter 
35 multiplied by the compression ratio (e.g., 4) and the 
compared result is fed back to PCR recovery circuit 34 
which generates the digital video tape recorder's 27 
MHz system clock. A drum (not shown) of the digital vid- 
eo tape recorder rotates in synchronization with the sys- 
tem clock. PCR recovery circuit 34 controls counter 35 
so that the counter is synchronized with the PCR* value 
in the video signal and the output of counter 35 multi- 
plied by the compression ratio (in multiplying circuit 36) 
is supplied to an ATS inserting circuit 38. PCR capture 
circuit 32 supplies the transmitted video signal to ATS 
inserting circuit 38 which inserts therein the output of 
circuit 36 (i.e., four times the PCR' value) as the ATS 
time information data. Fig. 6D illustrates the regenerat- 
ed PCR' value (the ATS data) and Fig. 6E represents 
the timing of the ATS data inserted in the video signal 
in circuit 38 upon outputting of the video signal from a 
buffer memory 39. ATS inserting circuit 38 supplies the 
video signal (with the inserted ATS data) to buffer mem- 



ory 39 which stores the video signal in response to trans- 
fer clock signal TCK supplied thereto. The video signal 
is outputted from buffer memory 39 and recorded on a 
magnetic tape in the SO mode of the digital video tape 

S recorder. 

Fig. 6F represents the timing of the video signal re- 
produced from the magnetic tape with such reproduc- 
tion being accomplished in a slow reproduction mode. 
The reproduced signal is supplied to an ATS capture cir- 

10 curt 432 and to a buffer memory 433. ATS capture circuit 
432 extracts from the video signal the ATS data and sup- 
plies the extracted data to a memory controller 434 
which controls the buffering of the reproduced video sig- 
nal in buffer memory 433. Transfer clock signal TCK also 

is is supplied to buffer memory 433 to control the buffering 
thereof and a system clock generator 431 generates the 
27 MHz system clock which, inter atia, controls the ro- 
tation of the drum (not shown). 

During reproduction, the video signal is reproduced 

20 at a slow reproduction rate equal to the compression ra- 
tio, that is, a one-quarter slow speed reproduction rate. 
Figs. 6G and6H illustrate the synchronization of the ATS 
value and the PCR value during reproduction of the vid- 
eo signal at the slow reproduction rate. 

2S Fig. 7 is a block diagram of a digital video tape re- 
corder which records digital video data in accordance 
with an embodiment of the invention. The digital video 
tape recorder includes an analog-to-digital (A/D) con- 
verter 1 02, a discrete cosine transformation (DCT) com- 

30 pressing circuit 103, a switch 104, a frame forming cir- 
cuit 105, a channel coder 106, a recording amplifier 107, 
a recording head 108 and a format converting circuit 
109. When recording NTSC television signals, or other 
similar television signals, those television signals are 

3S supplied to an input terminal 101 and to A/D converter 
1 02 which converts the television signal to a digital video 
signal. DCT compressing circuit 103 discrete cosine 
transforms, variable length encodes and quantizes the 
digital data to produce compressed digital data. DCT 

40 transformation, variable length encoding and quantiza- 
tion are well known in the art, and therefore, for purpos- 
es of brevity, the description of such processes is omit- 
ted herein. 

Switch 104 operates to provide the digital signal 
45 supplied at terminal 104B to frame forming circuit 105 
when the video signal is supplied to input terminal 101 , 
and operates to supply the digital signal supplied at ter- 
minal 104 A to frame forming circuit 105 when transport 
packets, e.g., MPEG2-formatted digital data, is supplied 
so to format converting circuit 109. 

DCT compressing circuit 103 supplies the com- 
pressed digital signal to terminal 104B of switch 104 
which supplies the compressed digital signal to channel 
coder 106 via frame forming circuit 105. Circuit I05for- 
ss mats the data into frames and performs error correction 
coding. The framed digital signal is supplied to channel 
coder 1 06 which modulates the digital signal before the 
digital signal is recorded by recording head 108 on a 
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magnetic tape. 

When MPEG2 formatted video data is supplied to 
the digital video tape recorder shown in Fig. 7, a trans- 
port packet of the MPEG2 signal is supplied to format 
converting circuit 109 which converts the bit rate of the 
transport packet and processes the transport packet in 
the manner described above with reference to Fig. 5. In 
other words, format convert circuit 109 is comprised of 
circuits 31 , 32, 33, 38 and 39 of Fig. 5. Upon such rate 
converting and formatting, the processed transport 
packet is supplied via switch 104 to frame forming circuit 

105. Like standard television signals, the processed 
transport packet is framed and channel -encoded in 
frame forming circuit 105 and channel coder 106, re- 
spective fy, prior to being recorded on a magnetic tape. 

Fig. 8 illustrates a digital video tape recorder in ac- 
cordance with another embodiment of the present in- 
vention. As shown, the digital video tape recorder in- 
cludes an A/D converter 102, a DCT compressing circuit 
103, a switch 104, a frame circuit 105, a channel coder 

106, a buffer 1 07, and a recording head 108, all of which 
operate in the same manner as described in the digital 
video tape recorder shown in Fig. 7. However, rate con- 
verting and format converting circuit 1 1 0 operates in a 
manner different from that of format converting circuit 
109, as further discussed below. 

In accordance with this embodiment of the present 
invention, rate converting and format circuit 110 adds 
time information to a transport packet before the bit rate 
thereof is changed. Then, upon reproduction of the 
transport packet, the time information is recovered from 
the transport packet so as to allow proper reproduction 
thereof. Fig. 9 A illustrates the data structure of a trans- 
port packet which is comprised of 188 bytes of data and 
whose first byte represents sync data, tn accordance 
with the embodiment, the sync byte is removed from the 
transport packet and 3 bytes of time data (time informa- 
tion) is inserted at the beginning of the remaining 187 
bytes to produce a 1 90-byte transport packet, shown in 
Fig. 9B. 

Fig. 10 is a block diagram of a circuit for carrying 
out an embodiment of the invention. Prior to converting 
the bit rate of the transport packet which is supplied to 
input terminal 531 and to a sync detecting circuit 532, 
circuit 532 detects a sync byte at the beginning of the 
supplied transport packet and supplies a detection sig- 
nal to a latch 533 upon detection of the sync byte. Sync 
detecting circuit 532 supplies the transport packet to a 
sync eliminating circuit 537 which removes the sync 
byte from the transport packet and the transport packet 
(without the sync byte) is supplied to a time stamp circuit 
538. 

A reference oscillating circuit 534 generates a 27 
MHz reference signal and supplies the reference signal 
to a PLL circuit 535 and to a counter 536. PLL circuit 
535 produces a 150 Hz signal at which the rotary drum 
rotates. 

Counter 536 generates a 27 MHz system clock from 



the reference signal supplied thereto and supplies the 
system clock to latch 533 which latches the value of the 
system clock when sync detecting circuit 532 detects a 
sync byte in the transport packet. Latch 533 supplies the 
s latched value to time stamp circuit 538 which adds the 
time value to the beginning of the supplied transport 
packet (to produce the transport packet shown in Fig. 
9B) and outputs the transport packet at output terminal 
539. 

to As previously stated, PLL circuit 535 controls the 
rotation of the rotary drum, and thus, the rotation of the 
drum is synchronized with the reference clock during 
both recording and reproduction of the digital data. A 
sync byte of a transport packet which is comprised of 
is 1 88 bytes is replaced with a 3-byte time data to produce 
a transport packet of 190 bytes. Fig. 11 illustrates the 
data structure of two transport packets which are com- 
bined back-to-back and which combination is divided 
into five sync blocks. As shown, the two transport pack- 
20 ets are combined and divided into five sync blocks, 
where each sync block includes 76 bytes of data. Then, 
an extra header of 1 byte and 5 bytes of sync and ID 
data are added to the beginning of each sync block and 
8 bytes of parity data are added to the end of each sync 
25 block to produce 5 90-byte sync blocks. 

Fig. 12 illustrates the data structure of the extra 
header of each sync block. As shown, the header of a 
sync block recorded in a normal play area or recorded 
in a trick-play area of the track (to be discussed) is com- 
30 prised of various information including the sync block 
serial number and polarity inversion data. Referring 
again to Fig. 11, each of the five sync blocks includes 
76 bytes of transport packet data for a total of 380 bytes, 
and each transport packet is comprised of 1 90 bytes of 
35 data (see Fig. 9), so that two transport packets are pro- 
vided in 5 sync blocks (2 x 190 = 380 bytes). 

In accordance with another preferred feature of the 
invention, each track on a magnetic tape is divided into 
a normal play area and a trick-play" area in which the 
40 trick-play area corresponds to that part of the track 
which is reproduced when a digital video tape recorder 
embodying the present invention is operating in a vari- 
able or high-speed reproducing mode. MPEG2 format- 
ted video signals are comprised of I -frames, P-frames 
4S and B-frames as previously discussed; however, only 
data corresponding to the I -frames are recorded in the 
trick-play area of each track, as further discussed below. 

In the above embodiments, a transport packet is re- 
corded at a bit rate of 10 Mbps; but the digital video tape 
so recorder is operable to record digital data at 25 Mbps in 
the SD recording mode. Since there is a surplus in the 
recorded digital signal, a transport packet, particularly a 
transport packet which includes I -frame data, is record- 
ed in both the normal play area and the trick-play area 
55 of a track. 

Fig. 1 3 is a schematic representation of the path of 
a reproducing head during a 17x high-speed reproduc- 
ing operation in accordance with an embodiment of the 
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invention. As shown, head A scans the tracks white the 
magnetic tape is transported at a substantially faster 
than normal speed (e.g., 1 7 times as last as the normal 
speed). Since tracks generally are helically recorded by 
two heads which have different azimuths, head A repro- 
duces scanned portions of alternating tracks. That is, 
head A reproduces those areas shown in Fig. 1 3 which 
are partially shaded, and as shown, the reproduced ar- 
eas are located only on "A" tracks. The reproduced por- 
tions (i.e., the shaded portions), are designated as the 
trick-play (TP) area of a track. Fig. 14 illustrates that the 
signal reproduced from each A track is in the form of a 
burst, where the greatest part of the signal occurs when 
the head is at the center of each track. Then, ATF track- 
ing to control the tape moving speed in a high-speed 
reproducing mode may easily be accomplished by lock- 
ing the phase of the reproduced signal with the move- 
ment of the tape. 

Fig. 15 illustrates an exemplary data structure of a 
track recorded on a magnetic tape by a digital video tape 
recorder embodying the present invention. As shown, a 
track is comprised of a subcode area, a video area, an 
audio area and an ITI area. The different areas of a track 
are well known, and therefore, are not described further 
herein, except where necessary to understand the 
present arrangement. 

In a preferred embodiment of the present invention, 
each track on a magnetic tape is provided with two sets 
of trick-play areas TP1 and TP2. Digital data stored in 
the first trick-play area TP1 is reproduced in a "high-var- 
iable'-speed reproducing mode and digital data stored 
in the second trick-play area TP2 is reproduced in a 
"low-variable'-speed reproducing mode. The high-vari- 
able-speed and the low- variable-speed reproducing 
modes constitute different fast speed reproducing 
modes in which the magnetic tape is transported at fast- 
er than normal speeds. For example, trick-play area TP1 
is reproduced in an 18x high-speed reproducing mode 
(the "high-variable'-speed reproducing mode), and 
trick-play area TP2 is reproduced in a 4x speed repro- 
ducing mode (the "low-variable'-speed reproducing 
mode). Fig. 16 illustrates approximate locations of the 
trick-play areas TP1 and TP2 in successive tracks on a 
magnetic tape and, as shown, alternate tracks (i.e., "A" 
tracks) include only trick-play areas TPl, and the other 
alternating tracks (i.e., the *B" tracks) include only the 
trick-play areas TP2. To provide for an I8x reproducing 
mode, the same trick-play data is recorded in 18 trick- 
play areas of the same A track (not all trick-play areas 
TP1 are shown in Fig; 16). That is, since reproduction 
in high speed mode may begin at any tape position, any 
one of the reproducible areas (e.g., any TP area of an 
A track) may be produced; and therefore, each trick-play 
area TP 1 of a track must contain the same trick-play da- 
ta. 

Similarly, each trick-play area TP2 of a B track in- 
cludes the same trick-play data, and for a 4x speed re- 
producing mode, two trick-play areas TP2 are required 



in each B track. 

Phase locking (i.e., automatic track following) is ac- 
complished in digital video tape recorders by tracking a 
pilot signal FO which is recorded in the ITI area of alter- 
5 nating tracks (e.g. , A tracks). Tracks that do not contain 
pilot signal FO (e.g., B tracks) are more likely to be af- 
fected by an "attaching" error of the reproducing heads. 
To minimize this problem, which especially occurs in 
high-speed reproducing modes, those tracks which are 
10 reproduced in the tow-speed reproducing mode are as- 
signed to those tracks which do not contain pilot signal 
FO. In other words, trick-play areas TP1 , which are re- 
produced in the high-speed reproducing mode, are lo- 
cated in those tracks which contain pilot signal FO. Since 
15 each trick-play area TPl generally is substantially small- 
er than each trick-play area TP2, greater track deviation 
is permitted when trick-play area TP2 is reproduced. 

Fig. 17 is a chart of the possible tape reproducing 
speeds of a digital video tape recorder embodying the 
20 present invention. As indicated, a digital video tape re- 
corder whose drum has two heads disposed 1 80° apart 
which rotate at 9,000 rpm (2*1head/9,000rpm) in a 
speed lock mode, or two adjacent heads which rotate at 
9,000 rpm (1 *2head/9,000rpm) in the speed lock mode, 
25 or two pairs of adjacent heads which rotate at 4,500 rpm 
(2*2head/4,500rpm) in the speed lock mode can repro- 
duce at speeds of ±1.5, 2.5, 3.5. ..8.5 times the normal 
reproducing speed. At these speeds, trick-play data 
stored in trick-play areas TP1 of each track is rep ro- 
se duced. Furthermore, the digital video tape recorder can 
reproduce at speeds of 4, 18, -2 and -16 times the nor- 
mal reproducing speed in a phase locked mode, where- 
in trick-play area TP1 is reproduced at the +18 and -16 
(reverse) reproducing speeds and trick-play area TP2 
35 j s reproduced at the 4 and -2 times reproducing speeds. 
Fig. 1 8 illustrates the path of reproducing head A at 
one of the speeds 1 .5 times, 2.5 times. .N+.5 times the 
normal reproducing speed. As shown, all of the trick- 
play data stored on a track is reproduced in two scans 
40 by the same reproducing head A. Specifically, the max- 
imum reproducing speed is set to 7 times normal speed 
in Fig. 18 but reproduction is performed at 3.5 times nor- 
mal speed. Then, the trick-play areas located at the be- 
ginning (1) and end (3) of an A track are reproduced in 
45 one scan pass by head A and the trick-play area (2) lo- 
cated in the middle of an A area is reproduced in the 
second scan pass by head A. Figs. 19A and 19B illus- 
trate the portions of a track which are reproduced in the 
first and second scan passes, respectively. 
so Figs. 20 A and 20B illustrate the data structure of 
each of four adjacent tracks TO, T1 , T2 and T3. As 
shown in Fig. 20A, 9 sync blocks are provided as error 
correction code ECC 3 in each of the four adjacent 
tracks, and 101 sync blocks are recorded in the normal 
55 play area of each of the four adjacent tracks. 25 sync 
blocks are provided in trick-play area TP1 of tracks TO 
and T2, and 25 sync blocks are provided in trick-play 
area TP2 of track T1 . No sync blocks are provided in the 
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trick-play area (TP1 or TP2) of track T3. As previously 
discussed with reference to Fig. 11 . two transports pack- 
ets are combined to form five sync btocks. Therefore, 
the number of sync blocks to be recorded in each of the 
trick-play areas TP1 and TP2 is set to an integer multiple 
of 5 (e.g., 0, 5, 10... 25, 30, etc.) so as to produce a prop- 
er match of sync blocks in the trick-play areas. Referring 
now to Fig. 20B, tracks TO and T2 include in their re- 
spective trick-play area TP1 sync block numbers 40-44, 
62-66, 84-88, 106-110 and 128-132; and track Tl con- 
tains in its trick-play area TP2 sync block numbers 
38-62. Sync numbers 147-155 are recorded in the ECC 
3 area of each of the four tracks. 

When reproducing trick-play area TP1 in the high- 
speed (e.g., 18x) reproducing mode, the reproducing 
head is located at positions which reproduce both the 
subcode sector and the ITI sector of a track; and there- 
tore, the subcode data is reproduced in this high-speed 
reproducing mode. Furthermore, in the high-speed re- 
producing mode, the burst length is too short to provide 
an adequate tracking error signal to perform tracking 
control (ATF) of the track. However, ATF control is ac- 
complished by reproducing the ITI sector. In the low- 
speed (e.g., 4x) reproducing mode, since the burst sig- 
nal is long, ATF control is achieved by reproducing the 
data area. Therefore, trick-play area TP2 (which is re- 
produced in the low speed mode) is provided at a posi- 
tion on the track where only the subcode data can be 
read. 

Fig. 21 is a block diagram of a circuit in a digital vid- 
eo tape recorder which operates to record transport 
packets of MPEG2-formatted video signals in trick-play 
areas of tracks on a magnetic tape. A transport packet 
which includes data of a selected program (i.e, the orig- 
inal signal may be a time divisionally multiplexed signal 
including a plurality of programs) and which is transmit- 
ted at a bit rate of 30 Mbps to input terminal 51 is sup- 
plied to a rate converting bufler 52 and to a TS/PES de- 
coder 53. Rate converting buffer 52 converts the bit rate 
of the transmitted signal to 10 Mbps and supplies the 
rate converted signal to a multiplexer 58. 

Decoder 53 decodes the transport packet and sup- 
plies the decoded transport packet to a start code ana- 
lyzing circuit 54 which determines whether the transport 
packet includes video data that needs to be reproduced 
in high-speed reproducing modes. That is, circuit 54 
identifies the priority of the transport packet and identi- 
fies whether the transport packet includes I -frame data 
from information in the header thereof, and if the trans- 
port packet includes data of an I -frame and of a high 
priority, that packet is supplied to a TP processing circuit 
55. The transport packet is processed in various man- 
ners and is supplied to both TP/PES packet forming cir- 
cuits 56A and 56B which form trick-play packet data for 
recording in trick-play areas TP1 and TP2, respectively. 
In other words, packet forming circuit 56A provides 
packets of data to be recorded in trick-play area TP 1 (for 
high-speed reproduction), and packet forming circuit 



56B provides packet data for trick-play area TP2 (tor 
tow-speed reproduction). The "high" and 'tow" trick-play 
packets are supplied to TP1 buffer 57A and TP2 buffer 
57 B, respectively, which store the supplied packets 
s therein. 

Buffers 52, 57A and 57B supply their respective 
stored contents to multiplexer 58 which multiplexes the 
three signals in a manner such that the transport packet 
(from buffer 52) is recorded in the normal play area of 
io the track, the trick-play TP1 packet (from buffer 57 A) is 
recorded in trick-play area TP 1 of the track, and the trick- 
play TP2 packet (from buffer 57B) is recorded in trick- 
ptay area TP2 of the track. As previously discussed, 
trick-play areas TP1 and TP2 reside on different tracks. 
*5 Fig. 22 is a block diagram of another circuit which 
records trick-play data in a trick-play area of a track, and 
is similar to the circuit of Fig. 21 , except TP/PES packet 
forming circuit 56 and TP1/TP2 buffer 57 perform those 
functions that were carried out in circuits 56A and 56B, 
20 and 57A and 57B, respectively, of the circuit of Fig. 21 . 
In the circuit of Fig. 22, dummy data is recorded at the 
end of each trick-play area TP1 since trick-play area 
TP2 contains more video data than each trick-play area 
TP1. Thus, the same number of sync btocks (e.g., 25 
2S sync blocks) are recorded in each of the trick-play areas 
TP1 and TP2. 

Fig. 23 is a block diagram of a digital video tape re- 
corder which reproduces transport packets in accord- 
ance with an embodiment of the invention. A reproduc- 
30 ing head 60 reproduces a transport packet from a mag- 
netic tape and supplies via a reproducing amplifier 61 
the reproduced signal to a channel coder 62 which de- 
modulates the reproduced signal. A demodulated signal 
(i.e., a demodulated transport packet) is supplied to a 
3S time base corrector (TBC) 63 which removes a time 
base fluctuation component from the demodulated sig- 
nal using a reference clock supplied thereto. The time 
base corrected signal is supplied to a def raming circuit 
64 which deframes the video signal and performs error 
40 correction and the like and the def ramed and error cor- 
rected video signal is supplied to a switch 65. 

Similar to switch 1 04 shown in Fig. 7, switch 65 sup- 
plies the video signal from circuit 64 to output terminal 
65A when the reproduced signal is an MPEG2-format- 
4S ted signal, and supplies the video signal to an output 
terminal 65Bfor other formatted (e.g., NTSC) video sig- 
nals. If the reproduced signal is, for example, an NTSC 
formatted video signal, switch 65 supplies the repro- 
duced signal to a OCT expanding circuit 74 which per- 
so forms the converse function of DCT compressing circuit 
103 shown in Fig. 7 and the expanded video signal is 
supplied as an output at output terminal 67. 

When an MPEG2 formatted video signal is repro- 
duced, switch 65 supplies the MPEG2 signal to a packet 
55 processing circuit 68 which converts the bit rate of the 
transport packet from, for example, 10 Mbps to its orig- 
inal pre-ttme compressed bit rate. Processing circuit 68 
further extracts the 3-byte time base information added 
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to the packet (see Fig 9) and sets the time base of the 
reproduced signal in accordance with the extracted time 
information. 

In variable- or high-speed reproducing modes, input 
device 72 instructs a controller 71 to operate in the se- s 
lected high-speed reproducing mode and to set a servo 
circuit 73, which controls the reproducing speed. Con- 
troller 71 controls packet processing circuit 68 to output 
only reproduced transport data (i.e., trick-play data) 
which corresponds to I -frames. w 

A digital video tape recorder embodying the present 2. 
invention further is operable to record an MPEG2-for- 
matted video signal which includes plural television pro- 
grams when the total bit rate of all the programs com- 
bined is equal to or less than 25 Mbps. I -frames of pro- is 
gram A are recorded in the trick-play areas and upon 
completion of the recording operation, I -frames of a pro- 
gram B are recorded in the trick-play areas, and finally, 
I -frames of a program C are recorded in the trick-play 
areas. Processing of the three programs is carried in a 20 
manner similar to the way they are multiplexed in the 
MPEG2 video signal. That is, program A is processed, 
program B is processed, program C is processed, pro- 
gram A is processed, and so on. In a high-speed repro- 
ducing mode, a selected program A is reproduced by 25 
ignoring trick-play data that corresponds to either pro- 
gram B or program C. 

While the present invention has been particularly 
shown and described in conjunction with preferred em- 3. 
bodiments thereof, it will be readily appreciated by those 30 
of ordinary skill in the art that various changes may be 
made without departing from the spirit and scope of the 
invention. For example, although MPEG2 signals have 
been described herein, the present invention is not lim- 
ited to this format and may transmit, record and repro- 35 
duce other types of video and/or audio signals. 

As another example, although the present discus- 
sion is directed to rate converting transport packets be- 
tween, for example, 10 Mbps and 30 Mbps, the present 
invention is not limited solely to the bit rates discussed *o 
herein, and may be widely applied to signals of other bit 
rates. 

Therefore, it is intended that the appended claims 
be interpreted as including the embodiments described 
herein, the alternatives mentioned above, and all equiv- *s 
atents thereto. 

Claims 4. 

so 

1. A data transmitting apparatus, comprising: 

means for time compressing a data packet con- 
taining a first time information; 
means for extracting said first time information s$ 
from said time compressed data packet; 
means for generating a system clock synchro- 
nized with said extracted first time information; 



means for generating a second time informa- 
tion by multiptying said system clock by a pre- 
determined compression ratio; 
means for replacing said first time information 
in said time compressed data packet with said 
second time information; and 
means for modulating and transmitting said 
time compressed data packet containing said 
second time information. 

The apparatus of claim 1 , further comprising: 

means for receiving the transmitted and modu- 
lated time compressed data packet containing 
said second time information; 
means for demodulating the received modu- 
lated time compressed data packet; 
means for generating a transfer clock rate from 
said demodulated time compressed data 
packet; 

means for buffering said demodulated time 
compressed data packet in accordance with 
said generated transfer clock rate; and 
means for recording said buffered demodu- 
lated time compressed data packet containing 
said second time information on a record 
medium. 

The apparatus of claim 2, further comprising: 

means for extracting said second time informa- 
tion from said demodulated time compressed 
data packet; 

means for generating a recording system clock 
synchronized with said extracted second time 
information; 

means for multiplying said recording system 
clock by the predetermined compression ratio; 
and for using the multiplied recording system 
clock to generate arrival time information when 
said second time information is extracted; and 
means for inserting said arrival time information 
in said demodulated time compressed data 
packet; and 

said means for buffering buffers said demodu- 
lated time compressed data packet having said 
arrival time information inserted therein. 

A method of transmitting data, comprising the steps 

of: 

time compressing a data packet containing a 
first time information; 

extracting said first time information from said 
time compressed data packet; 
generating a system clock synchronized with 
said extracted first time information; 
generating a second time information by mutti- 
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plying said system clock by a predetermined 
compression ratio; 

replacing said first time information in said time 
compressed data packet with said second time 
information; and 

modulating and transmitting said time com- 
pressed data packet containing said second 
time information. 

5. The method of claim 4, further comprising the steps 
of: 

receiving the transmitted and modulated time 
compressed data packet containing said sec- 
ond time information; 

demodulating the received modulated time 
compressed data packet; 
generating a transfer clock rate from said 
demodulated time compressed data packet; 
buffering said demodulated time compressed 
data packet in accordance with said generated 
transfer clock rate; and 

recording said buffered demodulated time com- 
pressed data packet containing sakJ second 
time information on a record medium. 

6. The method of claim 5, further comprising the steps 
of: 

extracting said second time information from 
said demodulated time compressed data 
packet; 

generating a recording system clock synchro- 
nized with said extracted second time informa- 
tion; 

multiplying said recording system clock by the 
predetermined compression ratio and using the 
multiplied recording system clock to generate 
arrival time information when said second time 
information is extracted; and 
inserting said arrival time information in said 
demodulated time compressed data packet; 
and 

wherein said step of buffering is carried out by 
buffering said demodulated time compressed 
data packet having said arrival time information 
inserted therein. 

7. A data recording apparatus, comprising: 

means for receiving a time compressed data 
packet containing time information that had 
been compressed by a predetermined com- 
pression ratio; 

means for extracting said compressed time 
information from said data packet; 
means for generating a system clock synchro- 
nized with said extracted compressed time 
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information; 

means for generating second time information 
by multiplying said system clock by said prede- 
termined compression ratio; 
means for inserting said second time informa- 
tion into said time compressed data packet; and 
means for recording said time compressed 
data packet containing said second time infor- 
mation on a record medium. 

8. The apparatus of claim 7, wherein the time com- 
pressed data packet includes null data multiplexed 
therewith; and said apparatus further comprises 
means for removing said null data from said time 
compressed data packet prior to recording. 

9. The apparatus of claim 7, further comprising means 
for generating a transfer clock rate from the 
received time compressed data packet; and means 
for buffering said time compressed data packet con- 
taining said second time information in accordance 
with said generated transfer clock rate; and wherein 
the buffered time compressed data packet is 
recorded on said record medium. 

10. A method of recording data, comprising the steps 

of: 

receiving a time compressed data packet con- 
taining time information that had been com- 
pressed by a predetermined compression ratio; 
extracting said compressed time information 
from said data packet; 

generating a system clock synchronized with 
said extracted compressed time information; 
generating second time information by multiply- 
ing said system clock by said predetermined 
compression ratio; 

inserting said second time information into said 
time compressed data packet; and 
recording said time compressed data packet 
containing said second time information on a 
record medium. 

11. The method of claim 10, wherein the time com- 
pressed data packet includes null data multiplexed 
therewith; and said method further comprises the 
step of removing said null data from said time com- 
pressed data packet prior to recording. 

12. The method of claim 10, further comprising the 
steps of generating a transfer clock rate from the 
received time compressed data packet; and buffer- 
ing said time compressed data packet containing 
said second time information in accordance with 
said generated transfer clock rate; and wherein the 
buffered time compressed data packet is recorded 
on said record medium. 
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13. A data reproducing apparatus for reproducing a 
time compressed data packet containing time infor- 
mation which replaced original time information 
originally present in said data packet prior to time 
compression thereof, said apparatus comprising: s 

means for reproducing said data packet which 
was time compressed at a predetermined com- 
pression ratio and which contains time informa- 
tion adapted for reading out said data packet at io 
a speed dependent upon said compression 
ratio; 

means for buffering said reproduced data 
packet; 

means for recovering said time information ts 
from said reproduced data packet; and 
means for controlling the buffering of said 
reproduced data packet in accordance with 
said recovered time information. 

20 

14. A data reproducing method for reproducing a time 
compressed data packet containing time informa- 
tion which replaced original time information origi- 
nally present in said data packet prior to time com- 
pression thereof, said method comprising the steps 25 
of: 

reproducing said data packet which was time 
compressed at a predetermined compression 
ratio and which contains time information 30 
adapted for reading out said data packet at a 
speed dependent upon said compression ratio; 
buffering said reproduced data packet; 
recovering said time information from said 
reproduced data packet; and 35 
controlling the buffering of said reproduced 
data packet in accordance with said recovered 
time information. 

15. A data recording apparatus, comprising: 40 

means for generating a system clock; 
receiving means for receiving a data packet at 
a first transmission rate; 

time determining means for determining a ■*$ 
reception time of said data packet as indicated 
by said system clock; 

means for adding time data identifying said 

reception time to said data packet; 

means for converting said transmission rate of so 

said data packet having said time data added 

thereto from said first transmission rate to a 

second transmission rate; and 

means for recording said data packet including 

said time data at said second transmission rate ss 

on a record medium. 

16. The apparatus of claim 15, wherein said data 



packet includes sync data at the beginning thereof; 
said receiving means includes means for detecting 
sync data; and said time determining means 
includes latch means for latching a time indicated 
by said system clock when said sync data in said 
data packet is detected. 

17. The apparatus of claim 15, wherein said means for 
recording includes a rotating drum, and the rotation 
of said drum is synchronized with said system clock. 

18. A method of recording data, comprising the steps 
of: 

generating a system clock; 

receiving a data packet at a first transmission 

rate: 

determining a reception time of said data 
packet as indicated by said system clock; 
adding time data identifying said reception time 
to said data packet; 

converting said transmission rate of said data 
packet having said time data added thereto 
from said first transmission rate to a second 
transmission rate; and 

recording said data packet including said time 
data at said second transmission rate on a 
record medium. 

19. The method of claim 18, wherein said data packet 
includes sync data at the beginning thereof; and 
said step of determining the reception time is car- 
ried out by latching a time indicated by said system 
clock when said sync data in said data packet is 
received. 

20. A data reproducing apparatus for reproducing a rate 
converted data packet containing time data which 
represents a reception time of said data packet orig- 
inally transmitted at an original transmission rate 
prior to transmission rate conversion and recording 
thereof, said apparatus comprising: 

means for generating a reference clock; 
means for reproducing in accordance with said 
reference clock said data packet which was 
rate converted from said original transmission 
rate and which contains time data correspond- 
ing to the original reception time of said data 
packet; and 

means for converting the rate of said repro- 
duced data packet to the original transmission 
rate, for detecting said time data in said repro- 
duced data packet, and for synchronizing said 
reference clock with said detected time data. 

21. The apparatus of claim 20, further comprising time 
base correction means for correcting a time base of 
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said reproduced data packet in accordance with 
said reference clock. 

22. A data reproducing method (or reproducing a rate 
converted data packet containing time data which 5 
represents a reception time of said data packet orig- 
inally transmitted at an original transmission rate 
prior to transmission rate conversion and recording 
thereof, said method comprising the steps of: 

u 

generating a reference clock; 
reproducing in accordance with said reference 
clock said data packet which was rate con- 
verted from said original transmission rate and 
which contains time data corresponding to the u 
original reception time of said data packet: 
converting the rate of said reproduced data 
packet to the original transmission rate; 
detecting said time data in said reproduced 
data packet; and 2> 
synchronizing said reference clock with said 
detected time data. 

23. The method of claim 22. further comprising the step 

of correcting a time base of said reproduced data 2 
packet in accordance with said reference clock. 

24. A digital data recording apparatus, comprising: 

means for receiving a data packet; 3 
means for providing a portion of said data 
packet as variable-speed data; and 
recording means for recording said data packet 
and said variable-speed data in a normal and 
a trick-play area, respectively, on successive < 
tracks on a record medium, said trick-play area 
being located on each of said tracks at a posi- 
tion corresponding to an area of a track which 
is reproducible in a fast-speed reproducing 
mode, said record medium being transportable - 
in said fast-speed reproducing mode at a pre- 
determined fast speed greater than a standard 
speed. 

25. The apparatus of claim 24, wherein data packets 
are comprised of either intraframe coded data or 
interframe coded data and said recording means 
records in said trick-play area only a data packet 
which is comprised of intraframe coded data. 

26. The apparatus of claim 24, wherein the respective 
trick-play areas of alternating tracks constitute first 
trick-play areas and the respective trick-play areas 
of remaining tracks constitute second trick-play 
areas; and said record means records said variable 
speed data in said first and second trick-play areas; 
wherein said first trick-play areas are located on 
said alternating tracks at a position corresponding 



to an area of a track which is reproducible in a first 
fast-speed reproducing mode, said second trick- 
play areas are located on the remaining tracks at a 
position corresponding to an area of a track which 
is reproducible in a second fast-speed reproducing 
mode, and said record medium is transportable in 
both said first and second fast-speed reproducing 
modes at respective predetermined fast speeds 
both different from one another and both greater 
than said standard speed. 

27. The apparatus of claim 26, wherein said alternating 
tracks are recorded at a first azimuth angle, and the 
remaining tracks are recorded at a second azimuth 
angle different from said first azimuth angle. 

28. The apparatus of claim 26, wherein said record 
medium is transported in said first fast-speed repro- 
ducing mode at a speed faster than in said second 
fast-speed reproducing mode; and automatic track 
following data is recorded in those tracks in which 
said first trick-play areas are located. 

29. A digital data recording method, comprising the 
steps of: 

receiving a data packet; 
providing a portion of said data packet as vari- 
able-speed data; and 

recording said data packet and said variable- 
speed data in a normal and a trick-play area, 
respectively, on successive tracks on a record 
medium, said trick-play area being located on 
each of said tracks at a position corresponding 
to an area of a track which is reproducible in a 
fast-speed reproducing mode, said record 
medium being transportable in said fast-speed 
reproducing mode at a predetermined fast 
speed greater than a standard speed. 

30. The method of claim 29, wherein data packets are 
comprised of either intraframe coded data or inter- 
frame coded data and only a data packet which is 
comprised of intraframe coded data is recorded in 
said trick-play area. 

31. The method of claim 29, wherein the respective 
trick-play areas of alternating tracks constitute first 
trick-play areas and the respective trick-play areas 
of remaining tracks constitute second trick-play 
areas; and said variable speed data is recorded in 
said first and second trick-play areas; wherein said 
first trick-play areas are located on said alternating 
tracks at a position corresponding to an area of a 
track which is reproducible in a first fast-speed 
reproducing mode, said second trick-play areas are 
located on the remaining tracks at a position corre- 
sponding to an area of a track which is reproducible 
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in a second fast-speed reproducing mode, and said 
record medium is transportable in both said first and 
second fast-speed reproducing modes at respec- 
tive predetermined fast speeds both different from 
one another and both greater than said standard s 
speed. 

32. The method of claim 31 , wherein said alternating 
tracks are recorded at a first azimuth angle, and the 
remaining tracks are recorded at a second azimuth io 
angle different from said first azimuth angle. 

33. The method of claim 31, wherein said record 
medium is transported in said first fast-speed repro- 
ducing mode at a speed faster than in said second is 
fast-speed reproducing mode; and automatic track 
following data is recorded in those tracks in which 
said first trick-play areas are located. 



25 



30 



35 



40 



45 



50 



55 



14 



EP 0 712 247 A2 




15 



EP 0 712 247 A2 




16 



BP 0 712 247 A2 



•2> 



CJ 
CD 
<^ 
CJ 
CD 
_< 
CJ 
CD 
<^ 

CD 
<C 

CD 



CJ 
CD 
«T 
O 
CD 
< 

CD 
<C 
(J 
CD 
_< 

o_ 

CO 

_< 
o_ 

CD 
~< 



[< 



or 
O 



CO 

o 

CO 



o 

Q_ 



o 



•2> 



Ct: cc 

UJ LU 
LU > LL. 
KZLL 

< o => 



o 

CL 



Osl 

o 

CO 



ce 
o 



CO 



o 



00 

CO 

LL 



17 



EP 0 712 247 A2 




18 



EP 0 712 247 A2 




6) 6) .6) .6) .6) .6) .2 1 jS 5 

iririiriiLu."- 



19 



EP 0 712 247 A2 



Tl 

101 



Fig. 7 



FORMAT CONVERTING 



104A 







OCT 


A/D 




COMPRESSING 


S 






•102 




103 




109 




104 



104B 



FRAME 




CHANNEL 


FORMING 




CODER 


s 




!> 


105 




106 



107 108 




20 



EP 0 712 247 A2 



Fig. 8 



110- 



RATE CONVERTING AND 
FORMAT CONVERTING 



104A 



Tt 

101 







OCT 


A/D 




COMPRESSING 


S 






102 




103 





104 



104B 



FRAME 




CHANNEL 


FORMING 




CODER 








105 




106 



107 108 




Fig. 9 




B TIME 

INFORMATION 



1 9 0 



21 



EP 0 712 247 A2 



n 

531 



SYNC 




DETECTING 






LATCH - 






COUNTER - 



536 



532 



Fig. 10 



SYNC 

ELIMINATING 

5 



537 



533 



REFERENCE 
CLOCK 

5 — 

534 



Fig. 11 



TIME STAMP 



T 
538 



539 



3BYTES 



P L L 



535 



150H2 
(Drum) 





5 


: 1 






7 6 








> 










SBO 


; SYNC&ID 




if ifi 




PARITY(C1) j 


SB1 










SB2 








■' -Y< 






SB3 










SB4 












i 
i 


77(PAYL0AD) 






■ 

■ 






90BYTES 





TIME STAMP(3BYTES) 
EXTRA HEADERO BYTES) 



22 



EP 0 712 247 A2 



Fig. 12 



NORMAL PLAY AREA 


TRICK PLAY AREA 


EFFECTIV DATA / STUFF DATA (DUMMY) 




SERIAL NUMBER (No.O- 


-4) IN 5 SYNC BLOCK 




POLARITY INVERSION 
EVERY ECC3 


POLARITY INVERSION 
EVERY REPETITION 




POLARITY INVERSION 
EVERY NEW FRAME 




NP DATA / TP DATA 




TP1/TP2 



23 



EP 0 712 247 A2 



Fig. 13 



1 7 x 




HEAD A 




24 



EP 0 712 247 A2 



Fig. 15 




Fig. 16 

| SUBCODE I I I I I ~ 




'•-<■ r~-\ — : ; ; 

: Iaudio- I | : i i 

fO f 1 fO f2 



25 



EP 0 712 247 A2 




26 



EP 0 712 247 A2 




27 



EP 0 712 247 A2 




28 



EP 0 712 247 A2 



51 



54- 



f-=E 



TS/PES 
OECODER 



I 



-53 



START CODE 
ANALYZING 

— r~ 



TP PROCESSING 



T 
55 



Fig. 21 



RATE 

CONVERTING 
BUFFER 



T 

52 



58- 



56A 



TP/PES 
PACKET 
FORMING 



56B- 



57A 



TP1 BUFFER 




MUX 



Fig. 22 



51 



r 



TS/PES 
DECODER 



54- 



53 



START CODE 
ANALYZING 



TP PROCESSING 



T 

55 



RATE 

CONVERTING 
BUFFER 



T 

52 



TP/PES 
PACKET 
FORMING 

— 5 — 

56 



58- 



TP1/TP2 
BUFFER 



T 

57 



MUX 



29 



EP 0 712 247 A2 



Fig. 23 



CHANNEL 




TBC 




CODER 







62 



63 




OCT _ 
EXPANDING 



74 



68" 



PACKET 
PROCESSING 

Z3~~ 



70 



SERVO 
73 



»H CONTROLLER 

5 

71 



INPUT 
72 



30 



(19) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




■■III 



(12) 



od EP 0 712 247 A3 

EUROPEAN PATENT APPLICATION 



(88) Date of publication A3: 

17.07.1996 Bulletin 1996/29 


(51) mtci. 6 : H04N 5/926 


(43) Date of publication A2: 

1 5 05 1 996 Bulletin 1 996/20 




(21) Application number: 95308156.9 




(22) Date ot filing: 13.11.1995 




(84) Designated Contracting States: 
AT DE ES FR GB NL 


(72) Inventor: Yanagihara, Naofumi, 
c/o Sony Corporation 
Shinagawa-ku, Tokyo 141 (JP) 


(30) Priority: 14.11.1994 JP 304421/94 
27.01.1995 JP 31684/95 


(74) Representative: Cotter, Ivan John et al 
D. YOUNG & CO. 


(71) Applicant: SONY CORPORATION 
Tokyo (JP) 


21 New Fetter Lane 
London EC4A1DA (GB) 



CO 

< 

CM 
CM 

O 

Q. 
LU 



(54) Transmitting, recording and reproducing data 

(57) A data packet which contains time inlormation 
is time compressed and the time information is extracted 
from the time compressed data packet. A system clock 
is synchronized with the extracted time information and 
is multiplied by a predetermined compression ratio to 
produce replacement time information which replaces 
the time information in the time compressed data pack- 
et. The time compressed data packet that now contains 
the replacement time information is modulated and 
transmitted or recorded. 



- li 



rsi 






ill 



T 

s 

5 

a 
s 
% 



ft 




Printed oy Jouve 75001 PARIS (PR) 



EP 0 712 247 A3 




EUROPEAN SEARCH REPORT aw"**- N»-b- 

EP 95 3Q 8156 





DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 


Citation of docweot with iaaicarioa, where appropriate, 
•f relevant passages 


Rcfcvaat 

tm ebum 


CLASSIFICATION OF THE 
APPLICATION OBI-CL6) 


A 

A 
A 

X 
A 


FERNSEH UND KINOTECHNIK, 

vol. 48, no. 10, October 1994, BERLIN DE, 

pages 545-553, XP000468290 

RIEMANN: "mul ti plex-spezif ikation fur die 

flexible ubertragung digitaler 

datenstrome, teil 5-2" 

* paragraph 4.; figure 11 * 

EP-A-6 049 652 (THOMSON-CSF) 

* the whole document * 

FERNSEH UND KIN0TECHN1K, 

vol. 48, no. 9, September 1994, BERLIN DE, 

pages 460-468, XP089468751 

RIEMANN: "mul ti plex-spezif ikation fur die 

flexible ubertragung digitaler 

datenstrome, teil 5-1" 

WO-A-94 17631 (RCA) 

* the whole document * 


1.4,7, 

ie, 

13-15, 
18,20,22 

1.4,7, 

ie, 

13-15, 
18,20,22 

24,25, 
29,30 
26-28, 
31-33 


H04N5/926 


TECHNICAL FIELDS 
SEARCHED (litQ*) 


H64N 


The prcswK wans report has beea van vn for aU dans 


nutoftMik D*« of ^taa « uk I 

THE HAGUE 9 May 1996 | y VO i 


txamtmr 

met. J 


CATEGORY OF CITED DOCUMENTS 1 : th«*y or priadal. ^tofyi^ , h . b,^ 
Y : panKmbrty recant if cojaNa* with another p : toiiMidM in the wcHkatioii 



EP 0 712 247 A3 



European Patent 
Oflice 



CLAIMS INCURRING FEES 



Th. pras-it Eurcpean Paienl appicaton cornea ai me .™ ol fibng more man »« dams. 

Al> dams bes hav b«n pa* m*m <ne preseoeo cm* hm t The present European s«rc» report has 
crawnyptor ail dams. 



□ 



□ S£ -P » M M>» CM. .* .» — ~» * M a.— <M. ~« o~n p.-. 



□ 



nam«ly asms: 

Wo dams toes have been pa* witntn tr« preset cm. urn. The present European «aro, report has t»en 
drawn up tor the tnx ten dams 



LACK OF UNITY OF INVENTION 



Th. Search confer* mat the present European pa»m appbcaoon b«s not comp* ~* ne mquremem ot unrty of 

two noon and relates to wverai i wen tons or groups ol nvemons. 
namefy. 



see sheet -B- 



El 



a,, mm. u »c* teas ra« coon pae «nn.n ™ too »m. i«mi the pra »m Euidpmk s.aren ..pon w 
been orawn up tor all claims. 



r-, On* oan ot tne turn*- search tees have been pa- w«n Mea ome „ma The oresen: E ^^""* 
□ reoonnas oeen orawn up *< mo» pans of the European patent app..ca«,n wn** re.a* to m« batons « 
respects ot whicn searcr. toes have been pad. 

namely dams. 

none oi the turner search tees has been pa«3 -.thin the tnced tme m. The present European search report 
^ te s been orawn up tor tnose pam of the European patent appbcanon which relate » the .nvnton hrst 
menooned n the ctams. 



EP 0 712 247 A3 



European Paien! 

one* 

EP 95 30 8156 -B- 



LACK OF UNFTY OF INVENTION 



•rwanaon and ftfMM ■> ••vanM gNiiliww or graupl Ol ffmntont. 



1. Claims 1-23: Generation of time information for 

time-compressed data 

2. Claims 24-3 3: Recording of trick-play data in specific 

areas of tracks 



4 



